Background: Mutations in SMPX gene can disrupt the normal activity of the SMPX protein 18 which is involved in hearing process. Objective: In this study, deleterious non-synonymous 19 single nucleotide polymorphisms were isolated from the neutral variants by using several 20 bioinformatics tools. Method: Firstly, dbSNP database hosted by NCBI was used to retrieve the 21 SNPs of SMPX gene, secondly, SIFT was used primarily to screen the damaging SNPs. Further, 22 for validation PROVEAN, PredictSNP and PolyPhen 2 were used. I-Mutant 3 was utilized to 23 analyze the protein stability change and MutPred predicted the molecular mechanism of protein 24 stability change. Finally evolutionary conservation was done to study their conservancy by using 25 ConSurf server. Results: A total of 26 missense (0.6517%) and 3 nonsense variants (0.075%) 26 were retrieved and among them 4 mutations were found deleterious by all the tools of this 27 experiment and are also highly conserved according to ConSurf server. rs772775896, 28 rs759552778, rs200892029 and rs1016314772 are the reference IDs of deleterious mutations 29 where the substitutions are S71L, N19D, A29T and K54N. Loss of Ubiquitination, loss of 30 methylation, loss of glycosylation, and loss of MoRF binding motifs are the root causes of 31 protein stability change. Conclusion: This is the first study regarding nsSNPs of SMPX gene 32 where the most damaging SNPs were screened that are associated with the SMPX gene and can 33 be used for further research to study their effect on protein structure and function, their dynamic 34 behavior and how they actually affect protein's flexibility. 35 KEYWORDS: SMPX, non-synonymous, mutation, in silico 36 37 38 39 40 41 42 43 44 45
INTRODUCTION
Non-synonymous SNPs (nsSNPs) can cause 50% of the disease that are related to inheritance 68 (16) (17) (18) (19) . From previous studies it was also revealed that, 60% of Mendelian disease caused by 69 SNPs (20) . SNPs can also disrupt the normal function of a protein and denature its structure by 70 changing its stability, folding pattern and ligand binding site (21) . For this reason, in this present 71 experiment, we analyzed the involvement of nsSNPs of SMPX gene in X-linked hearing 72 impairment by using various bioinformatics tools and computational databases. From the SNP database of National Center for Biotechnology Information (dbSNP) 76 (http://www.ncbi. nlm.nih.gov/snp/), the corresponding datasets of SMPX gene were retrieved in 77 accordance with their rsIDs which was considered as the first approach for data analysis (22) . For the isolation of deleterious SNPs and to analyze their impact on protein structure and 80 function, seven major and widely accepted computational tools were used. As for theaim of this 81 present study, only deleterious SNPs were considered rather than the neutral ones.
82
SIFT (Sorting intolerant from tolerant) (http://sift.jcvi.org) is a web based tool which was 83 used to identify the damaging SNPs from the tolerated SNPs on the basis of the sequence 84 homology (23-25). The prediction score based on a range of value, where a score ≤ 0.05 was 85 considered as deleterious and a score ≥ 0.05 was considered as tolerated (26, 27) . SIFT can be 86 used by using SWISS-PROT, SWISS-PROT/TrEMBL, or NCBI's non-redundant protein 87 databases for SIFT to search (28, 29 were found to be tolerated by scoring over 0.05 ( Table 6) . 159 For the analysis of functional impact of those variants on protein structure and function 160
PolyPhen 2 analysis was carried out (Table 2) . From the results of PolyPhen 2 it can be observed 161 that, 5 nsSNPs (20%) were deleterious and 20 nsSNPs (80%) were not deleterious ( Table 6 ). The deleterious mutations showed both HumDiv and HumVar as probably damaging. The 5 variants 163 were S71L, N19D, A29T, L70I and K54N. These 5 variants were also proved as damaging by 164 SIFT.
165
PROVEAN is a clustering based method which was used for the validation of damaging 166 SNPs which were selected and isolated from previous tools (Table 3) . PROVEAN PredictSNP tool was also used for further and final validation of nsSNPs that were also 173 predicted and validated by SIFT, PolyPhen 2 and PROVEAN. According to this server, SMPX 174 gene had 11 deleterious SNPs (44%) whereas 14 SNPs were defined as neutral (56%) ( Table 6 ). 175 The SNPs that were predicted as damaging are S71L, R26Q, K62N, N19D, G45D, T49A, R26W,
176
P7T, A29T, L70I and K54N. Out of these S71L, N19D, A29T and K54N were also identified as 177 deleterious by PROVEAN, PolyPhen 2 and SIFT. PredictSNP give prediction on the basis of 7 178 different tools which were mentioned in method section. stability, 1 SNP was increasing the stability, 7 SNPs had no effect on stability of protein and 2 183 SNPs did not give any prediction, so this study considered them as neutral (Table 6) . Here, 60%
184
SNPs were deleterious and rest of them were 40%. The amino acid substitutions that were 185 decreasing the stability are S71L, A60V, R34G, P47S, K62N, N19D, G45D, E87G, T49A, P7T, A29T, P33S, L70I, E53K and K54N. S50L was increasing the stability with the reliability index 187 of 3 and DDG value with 0.33 (Table 4) . 188 MutPred was used for the analysis of molecular mechanisms involved in decreasing the sequence based approaches were conducted because it is adventitious over structure based 210 approaches. In structure based methods, it is limited to a known 3D structure; on the other hand, 211 in sequence based approach it can be implemented to proteins with unknown 3D structure. In 212 most studies, both sequence and structure based methods were used for validation of results and 213 to make the results more reliable (52, 53 binding (P = 0.0441) and decrease protein stability which was also very confident hypothesis.
244
A29T also showed very confident hypothesis by gain of phosphorylation at A29 (P= 0.002). The 245 last SNP K54N showed loss of ubiquitination at K54 (P = 0.0011), loss of methylation at K54 246 (P= 0.0017) and loss of glycosylation at K54 (P= 0.0284) which was also very confident 247 hypothesis. The SNPs that were conserved across the evolutionary perspective are more 248 important than who were not conserved because they are structurally and functionally important 249 for the protein (49). For this reason, ConSurf server was used for evolutionary conservation 250 analysis (Figure 1) . This analysis showed that; S71L, N19D, A29T and K54N were highly 251 conserved. 
